Serum thyroid hormone concentrations and their metabolic fate are within the normal range limits in obese subjects. Also serum TSH concentrations and its response to TRH are normal, suggesting that tissue availability of thyroid hormones is normally preserved in these subjects. In contrast, during caloric restriction serum T3 concentrations decrease as a consequence of its reduced production rate from peripheral deiodination of T4. Opposite, serum rT3 concentrations markedly increase as a result of its decreased metabolic clearance rate. During caloric overfeeding serum T3 concentration increase whereas serum rT3 concentrations decrease. In this condition the production rate of T3 increases. During caloric restriction and overfeeding serum T4 concentrations and its production and degradation are not modi®ed. International Journal of Obesity (2000) 24, Suppl 2, S113±S115 Keywords: thyroid hormones; metabolism; obesity Thyroid hormones, thyroxine (T 4 ) and triiodothyronine (T 3 ) are metabolized mainly through the monodeiodination pathway and, less importantly, through non-deiodinative pathways such as sulfo-and glucuronojugation and oxidative degradation. Monodeiodination of T 4 is the most important degradative pathway and accounts for up to 80% of total disposal, producing approximately equal amounts of T 3 and reverse T 3 (rT 3 ). Approximate1y 80% of circulating T 3 is derived by extrathyroidal monodeiodination of T 4 , whereas rT 3 is almost totally produced by extrathyroidal T 4 monodeiodination.
Thyroid hormones, thyroxine (T 4 ) and triiodothyronine (T 3 ) are metabolized mainly through the monodeiodination pathway and, less importantly, through non-deiodinative pathways such as sulfo-and glucuronojugation and oxidative degradation. Monodeiodination of T 4 is the most important degradative pathway and accounts for up to 80% of total disposal, producing approximately equal amounts of T 3 and reverse T 3 (rT 3 ). Approximate1y 80% of circulating T 3 is derived by extrathyroidal monodeiodination of T 4 , whereas rT 3 is almost totally produced by extrathyroidal T 4 monodeiodination. 1, 2 Monodeiodination of thyroid hormones is exerted by three different types of deiodinase enzymes: type I 5 H deiodinase which converts T 4 to T 3 and is present mainly in liver and kidney; type II 5 H deiodinase which also converts T 4 to T 3 and is distributed in the central nervous system, pituitary and brown adipose tissue; and type III 5 deiodinase which converts T 4 to rT 3 , and is distributed in almost all tissues and, during fetal life, is abundantly present in the placenta and fetal membranes. 1, 2 In Table 1 serum concentrations and kinetic parameters of T 4 , T 3 and rT 3 are reported.
As shown, 81 ± 98 mg of T 4 are produced in a day, exclusively by the thyroid gland. The production rate (PR) of T 3 ranges between 26.3 and 40.2 mgaday. This large variability is due to the different methods employed to calculate kinetic parameters. Approximate1y 80% of T 3 production occurs in extrathyroid tissues, predominantly in the liver. Also the PR of rT 3 are variable, again as the result of different methods employed. Importantly, the entire production of rT 3 is of extrathyroidal origin and by extrahepatic tissue. 1 Different clinical conditions and drug treatment have been reported to modify the activity of the three deiodinase enzymes (Table 2) . 1, 2 As shown, the activity of type I 5 H deiodinase is decreased by a large number of clinical conditions and drugs, whereas the others two deiodinases are differently affected.
It is well known that thyroid hormone administration increases thermogenesis. 3 This ®nding has led to speculate whether thyroid hormones, acting on energy expenditure, could affect body weight. However, few studies have provided information on the pheripheral metabolism of thyroid hormones. As shown in Table  3 , kinetic parameters of peripheral metabolism of T 4 , T 3 and rT 3 in obese are similar to those observed in healthy subjects. 4, 5 As a consequence, serum thyroid hormone concentrations are within the normal range. Donders et al 6 have reported that in obese subjects serum T 4 and T 3 concentrations were 6.9AE 0.3 mgadl and 141AE 8 ngadl, respectively. Buscemi et al 7 reported normal serum total thyroid concentrations in subjects with a body weight of 139.7AE 24.5 kg. Furthermore, they reported FT 4 and FT 3 values of 1.30AE 0.24 ngadl and 4.18 AE 0.57 pgaml, similar to those observed in control subjects.
Also basal serum thyrotropin (TSH) has been found to be normal in obese subjects. 6 However, in some studies the TSH response to TRH has been found to be slightly increased, but normal with respect to control subjects. 6 This ®nding does not re¯ect a reduced availability of thyroid hormone at pituitary level, but probably depends on a different hypothalamic neuroendocrine control of TSH secretion.
Despite the fact that in obese subjects serum thyroid hormone concentrations and their metabolism are normal, some authors have found that basal metabolic rate (BMR), total energy expenditure (EE) and sleeping energy expenditure (SEE) are positively correlated to the serum total or free T 3 concentrations. 8 ± 10 In contrast, body mass index (BMI) is inversely correlated with serum serum rT 3 concentrations. 7 The above ®ndings indicate that obese subjects do not have a reduced thyroid hormone secretion or diversion of peripheral metabolism of T 4 to inactivating pathways. However, it is likely that elevated concentrations of serum T 3 concentrations increase EE and, as a consequence, reduce availability of accumulation of energy for conversion to as fat. The latter hypothesis is also supported by the observation that an increase of 1 mUaL of serum TSH concentrations, within the normal range limits, is accompanied by a reduction of EE of 75 ± 150 kcaladay, corresponding to 8.31 ± 16.6 g of stored fat, equivalent to several kilos over of 5 ± 10 y.
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In order to elucidate the role of thyroid hormones in the process of body weight gain and reduction, peripheral metabolism of thyroid hormones has been studied during caloric restriction, fasting and overfeeding. Vagenakis et al 4 reported that during fasting obese subjects showed a marked decrease of serum T 3 concentrations from 145AE 7 to 66AE 9 ngadl (P`0.001), whereas other authors have reported an increase of serum rT 3 concentrations from 36.0 AE 15 Thyroid hormone metabolism in obesity E Roti et al to 54 AE 23 ngadl (P`0.001). 5 In contrast, fasting did not change serum T 4 concentrations. The changes in serum total T 3 are accompanied by corresponding changes in free T 3 . Furthermore, during starvation serum FT 4 concentrations show a signi®cant increase. As shown in Table 4 , PR and MCR of T 4 in starving obese subjects did not show any signi®cant change.
In contrast the PR of T 3 is markedly reduced, whereas its MCR is unchanged. The changes of rT 3 are the complete opposite; MCR is markedly decreased whereas PR is unchanged. Thus, during fasting, serum T 3 concentrations signi®cantly decrease as a result of a decrease of its production, whereas serum rT 3 concentrations increase because its peripheral catabolism is reduced. The pattern of serum concentrations and kinetic parameters of T 4 , T 3 and rT 3 during fasting are summarized in Table 5 . During overfeeding, serum thyroid hormone concentrations and their metabolic fate are modi®ed. Davidson and Chopra 15 have reported that an increase of calorie intake from 2000 to 4000 kcal is accompained by a progressive increment of serum T 3 concentrations from 69.3AE 7 to 108.3AE 4.6 ngad1, whereas serum rT 3 concentrations decrease from 26.7 AE 2.2 to 20.3AE 3.6 ngadl. These changes were not accompained by any signi®cant variations of serum T 4 concentrations. Overfeeding with carbohydrate, fat and protein produce similar effects on T 3 behavior, whereas overfeeding with fat does not decrease serum rT 3 concentrations. 16 Overfeeding with only carbohydrate or fat or protein do not have any effect on serum total T 4 concentrations. Furthermore, PR, MCR, distribution space (DS) and fractional removal rate (K) of T 4 are not modi®ed by the above dietetic variations. 16 In contrast, the increase of serum T 3 concentrations during carbohydrate, fat and protein overfeeding is the result of marked increase of PR, MCR and DS of the hormone whereas the K value is increased only during protein overfeeding. 16 It is of interest that the above changes are not dependent on adipose tissue mass since the deiodinase activity, type II 5 H deiodinase activity, is present only in brown adipose tissue which is almost absent in adult human subjects. 1, 2, 17 Only Nauman el al 18 reported the presence of type II 5 H deiodinase activity in white fat tissue, which was decreased in obese subjects. In conclusion, peripheral metabolism of thyroid hormones even in obese subjects is within the normal range limits and is not affected by adipose tissue mass. MCR metabolic clearance rate; PR production rate. Vagenakis et al, 4 Eisenstein et al, 5 Suda et al, 12 Pittman et al 13 and Bianchi et al.
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